photoperiod. Freezing conditions were imposed by incubating plants at -2 °C (24 and 12 h total for MS-agar and soil grown plants, respectively) with ice nucleation after 3 h (3). This was followed by lowering the temperature at 1 °C h -1 to -6 °C and incubation for 24 h. For post freezing recovery, plants were returned to the above-mentioned cold acclimation conditions for 24 h, and then returned to normal growth conditions. GGGGACAAGTTTGTACAAAAAAGCAGGCT-3' and 5'GGGGACCACTTTGTACAAGAAAGCTGGGT-3' were used for secondary PCR to introduce Gateway (Invitrogen, Carlsbad, CA) cloning sequences. The resulting PCR product was inserted into the vector pDONR zeo (Invitrogen) and confirmed by sequencing. After confirming the sequence the insert was sub-cloned into the gateway binary vector pMDC32 (4).
Isolation of
The resulting plasmid DNA was used to transform the sfr2-3 T-DNA mutant by Agrobacterium floral dip method (5). Seeds were collected from 6 different transformed plants and T 1 transgenic plants were selected in the presence of hygromycin B (20µg/ml) on MS medium containing 1% sucrose. The independent T 1 transgenic plants were genotyped using the following PCR primers: P2, 5'-TTGAACTTTGAGCTGTCG-3', and LBb1.3 to confirm the presence of sfr2-3 T-DNA and P1, 5'-CACCATGGAATTATTCGCATTGTTAA-3', and P3, 5'-TAGAGGGTGGCTTATCAGCTGC-3', to simultaneously confirm the absence of wild-type genomic DNA at the sfr2-3 allele and presence of transgenic SFR2 cDNA. After confirming the genotype, the leaves from independent T1 transgenic plants were phenotyped for oligogalactolipid accumulation as described below.
Lipid analysis. Lipids were extracted from fresh or liquid N 2 -frozen MS-agar-grown plant tissue as previously described (6) . Lipids were separated by thin-layer chromatography (TLC) and visualized with H 2 SO 4 by charring for total lipid staining, or glycolipid staining with α-naphthol (7). Quantification of lipids by gas chromatographic (GC) analysis of derived fatty acid methyl esters was performed as previously described (8) . MGDG, DGDG, TGDG and TeDG levels are represented on a % mol of total polar glycerolipids, where phosphatidylglycerol, phosphatidylethanolamine, phosphatidylcholine and sulfolipid were measured in a pooled fraction. Electrospray ionization mass spectrometry (ESI-MS/MS) was used as previously
described (9) to analyze triacylglycerol (TAG) molecular species isolated according to (2) . (11)) was transformed with pYES2.1-SFR2 or the corresponding negative control (pYES2). Expression of SFR2 was induced by inoculating a culture of SC minimal medium containing 2% (w/v) galactose, and 0.5 % (w/v) raffinose to OD 600 0.4, followed by continued growth for 8 h at 28 °C.
Cells were pelleted and frozen in liquid N 2 and stored at -80 °C. Membranes were isolated from these cells according to (12) and stored at -80 °C.
Protein quantification and immunoblotting. Membrane protein content was assayed using the RCDC kit (Biorad, Hercules, CA). For immunoblotting, samples were denatured according to (13) , and separated on 12 % SDS-PAGE gels. Proteins were transferred to PVDF membranes and the recombinant C-terminally His 6 -tagged SFR2 protein was detected with anti His(C-term) monoclonal antibody (R930-25, Invitrogen) using the CPS chemiluminescent detection kit (Sigma-Aldrich, St. Louis, MO).
In vitro GGGT assay. The assay was modified from (14) MGDG, specifically labeled on the headgroup was biosynthesized using intact spinach chloroplasts as previously described (14) . The specific activity of [U- 
